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Abstract
A nonlinear supersymmetric(NLSUSY) Einstein-Hilbert(EH)-type new ac-
tion for unity of nature is obtained by performing the Einstein gravity ana-
logue geomtrical arguments in high symmetry spacetime inspired by NLSUSY.
The new action is unstable and breaks down spontaneously into E-H action
with matter in ordinary Riemann spacetime. All elementary particles ex-
cept graviton are composed of the fundamental fermion ”superon” of Nambu-
Goldstone(NG) fermion of NLSUSY and regarded as the eigenstates of SO(10)
super-Poincare´ (SP) algebra, called superon-graviton model(SGM) of nature.
Some phenomenological implications for the low energy particle physics and
the cosmology are discussed. The linearization of NLSUSY including N=1
SGM action is attempted explicitly to obtain the linear SUSY local field the-
ory, which is equivalent and renormalizable .
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1 Introduction
The standard model(SM) is established as a unified model for the strong-electroweak
interactions. Nevertheless, there still remains many unsolved problems, e.g. it can
not explain the particle quantum numbers (Qe, I, Y, color), i.e. 1× 2× 3 gauge
structure, the three-generations structure of quarks and leptons and contains more
than 28 arbitrary parameters(in the case of neutrino oscillations) even disregarding
the mass generation mechanism for neutrino. The simple and beautiful extension to
SU(5) GUT has serious difficulties, e.g. the life time of proton,· · ·, etc and is excluded
so far. The SM and GUT equiptted naively with SUSY[1][2][3] have improved the
situations, e.g. the unification of the gauge couplings at about 1017, relatively stable
proton(now threatened by experiments),etc., but they posess more arbitrary param-
eters which diminish the naturalness of the unification. Also SUSY model usually
requires two times more number of elementary particles than non-SUSY model, e.g.,
at least about 60 for SUSY SM and 160 for SUSY GUT in curved spacetime.
SUSY is an essential notion to unify various topological and non-topological charges
and gives a natural framework to unify spacetime and matter leading to the birth of
supergravity theory(SUGRA)[4][5]. Unfortunately the maximally extended SO(8)
SUGRA[6] is too small to accommodate all observed particles[7]. The straightfor-
ward extension to SO(N) SUGRA with N > 9 has a difficulty in writing down the
action due to so called the no-go theorem on the gravitational interaction of mass-
less elementary high spin(> 2) (gauge) field[8][9]. (The massive high-spin field is
another.)
We think that from the viewpoints of simplicity and beauty of nature it is natural
to attempt the accommodation of all observed particles in a single irreducible rep-
resentation of a certain algebra(group) especially in the case of spacetime having a
certain boundary(,i.e. a boundary condition). And the dynamics is to be described
by the spontaneous breakdown of the high symmetry of spacetime by itself, which
is encoded in (the nonliner realization of) the geometrical arguments of spacetime.
Facing so many fundamental elementary particles and so many arbitrary parame-
ters, we are tempted to imagine that they are the composite objects and/or that
they should be attributed to the particular topological and geometrical structure
of spacetime. Also the no-go theorem does not exclude the possibility that the
fundamental action, if it exists, posesses the high-spin degrees of freedom(d.o.f.)
not as the elementary massless fields but as certain composite eigenstates of a cer-
tain symmetry (algebra) of the fundamental action recasted by the asymptotic local
fields. Note that the relativistic hydrogen atom is solved by O(4) symmetry and
that the particular structure (and the boundary) of the bulk materials induces the
high-Tc superconductivity containing s- and d-wave pairs. In this talk we would like
to present a model along this scenario according to the chronological order of the
studies.
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The structure of this paper is as follows. In section 2, we show by the group
theoretical arguments that three generations of quarks and leptons can be acco-
modated in the single irreducible representation of SO(10) SP algebra and propose
SGM for a composite model of observed particles except graviton. In section 3,
the fundamental SGM action of the vacuum EH-type is obtained. In section 4, the
linearization of NLSUSY is discussed to obtain the the equivalent (broken) LSUSY
theory, which is renormalizable. In section 5, SGM with spin 3/2 NG fermion is
presented. In section 6, the cosmological meaning of SGM is discussed qualitatively.
In section 7, as a summary some characteristic properties of SGM including many
open questions are discussed briefly.
2 SGM and SO(10) SP Algebra
In this section we study a single irreducible representation which contains all ob-
served elementary particles. By considering the structure of the helicity states of the
representation of SP algebra it is natural to consider SO(N) extention of SUSY. We
have shown that among all single irreducible representations of all SO(N) extended
SP symmetries, the massless irreducible representations of SO(10) SP algebra(SPA)
is the only one that accommodates minimally all observed particles including the
graviton[10][11]. That is, SO(10) SP is unique among all SO(N) SP extention of the
franework of SGM discussed below[10].
SO(10) SP contains 10 generators QN(N = 1, 2, .., 10), which are the ten dimensional
fundamental represemtations of SO(10) internal symmetry. We have decomposed
10 generators QN (N = 1, 2, .., 10) into 10 = 5 + 5∗ with respect to SU(5) following
SO(10) ⊃ SU(5)×U(1). For the massless case the little algebra of SO(10) SPA for
the supercharges in the light-cone frame Pµ = ǫ(1, 0, 0, 1) becomes after a suitable
rescaling
{QMα , QNβ } = {Q¯Mα˙ , Q¯Nβ˙ } = 0, {QMα , Q¯Nβ˙ } = δα1δβ˙1˙δMN , (1)
where α, β = 1, 2 and M,N = 1, 2, ...5[12][13][14]. By identifying the graviton with
the Clifford vacuum | Ω〉 (SO(10) singlet) satisfying QMα | Ω〉 = 0 and performing the
ordinary procedures[15][16] we obtain 2·210 dimensional irreducible representation of
the little algebra (1) of SO(10) SPA as follows[10]:
[
1(+2), 10(+3
2
), 45(+1), 120(+1
2
),
210(0), 252(−1
2
), 210(−1), 120(−3
2
), 45(−2), 10(−5
2
), 1(−3)
]
+
[
CPT-conjugate
]
,
where d(λ) represents SO(10) dimension d and the helicity λ. By noting that the
helicities of these states are automatically determined by SO(10) SPA in the light-
cone and that QM1 and Q¯
M
1˙
satisfy the algebra of the annihilation and the creation
operators for the massless spin 1
2
particle, we speculate boldly that these massless
states spanned upon the Clifford vacuum | Ω(±2)〉 are the massless (gravitational)
eigenstates of spacetime and matter with SO(10) SP symmetric structure, which
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are composed of the fundamental massless object QN , superon with spin 1
2
[11][17].
Because they correspond merely to all possible nontrivial combinations of the multi-
plications of the spinor charges(i.e. creation or annihilation operators) of SO(10) SP
algebra. Simultaneously we can escape from the no-go theorem in a sence that we
can write down the fundamental action with N > 9. Therefore we regard 5 + 5∗ as
a superon-quintet and an antisuperon-quintet . And we call the model containing
the above towers of the helicity states are superon-graviton model(SGM). The jus-
tification of this bold assumption is given later. Interestingly the composite model
of matter based upon VA model[2] was attemted long time ago[18].
To survey the physical implications of superon model for matter we assign the fol-
lowing SM quantum numbers to superons and adopt the following symbols.
10 = 5 + 5∗
=
[
Qa(a = 1, 2, 3), Qm(m = 4, 5)
]
+
[
Q∗a(a = 1, 2, 3), Q
∗
m(m = 4, 5)
]
,
= [(3, 1;−1
3
,−1
3
,−1
3
), (1, 2; 1, 0)] + [(3∗, 1;
1
3
,
1
3
,
1
3
), (1, 2∗;−1, 0)], (2)
where we have specified (SU(3), SU(2); electric charges ) and a = 1, 2, 3 andm = 4, 5
represent the color and electroweak components of superons respectively. Our model
needs only five superons as the fiundamental elementary objects, which have supris-
ingly the same quantum numbers as the fundamental matter multiplet 5 of SU(5)
GUT[19] and satisfy the Gell-Mann–Nishijima relation.
Qe = Iz +
1
2
(B − L). (3)
Consequently all 2 · 210 states are specified uniquely with respect to (SU(3), SU(2);
electric charges)[11].
Here we suppose drastically that the fundamental action of SGM exists and that
all such composite states are represented by local fields in a certain energy scale
with SU(3)×SU(2)×U(1) invariance, where by absorbing the lower helicity states
through the superHiggs mechanism and through the diagonlizations of the mass
terms the high-spin fields become massive through the spontaneous symmetry break-
ing [SO(10) SPA upon the Clifford vacuum] → [ SU(3) × SU(2) × U(1) ] → [
SU(3) × U(1) ]. We have carried out the recombinations of the helicity states and
found surprisingly that besides the gauge bosons for 3× 2× 1 all the massless states
necessary for the SM with three generations of quarks and leotons appear in the sur-
viving massless states (therefore, no sterile neutrinos)[10].
As for the assignments of observed particles, we take for simplicity the following
left-right symmetric assignment for quarks and leptons by using the conjugate rep-
resentations naively , i.e. (νl, l
−)R = (ν¯l , l+)L, etc[11]. Furthermore as for the
identification of the generation of quarks and leptons we assume simply that the
states with more (color-) superons turn to acquiring larger masses in the low energy
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and no a priori mixings among genarations. The surviving massless states identified
with SM(GUT) are as follows.
(In the paper [11] the right-handed neutrinos are denoted as a new particle, for the
right-haded neutrinos were not observed at that time.)
For three generations of leptons [(νe, e), (νµ, µ), (ντ , τ)], we take[
(QmεlnQ
∗
lQ
∗
n), (QmεlnQ
∗
lQ
∗
nQaQ
∗
a), (QaQ
∗
aQbQ
∗
bQ
∗
m)
]
(4)
and the conjugate states respectively. SGM contains initially four lepton genera-
tions and one of them (in the present case, QmQaQ
∗
a) disappears by the superHiggs
mechanism.
For three generations of quarks [(u, d), (c, s), (t, b)], we have uniquely
[
(εabcQ
∗
bQ
∗
cQ
∗
m), (εabcQ
∗
bQ
∗
cQlεmnQ
∗
mQ
∗
n), (εabcQ
∗
aQ
∗
bQ
∗
cQdQ
∗
m)
]
(5)
and conjugate states respectively.
For SU(2)×U(1) gauge bosons [W+, Z, γ, W−], SU(3) gluons [Ga(a = 1, 2, .., 8)],
[SU(2) Higgs Boson], [(X, Y )] leptoquark bosons in GUTs, and a color- and SU(2)-
singlet neutral gauge boson from 3× 3∗ (which we call simply S boson to represent
the singlet) we have
[Q4Q
∗
5,
1√
2
(Q4Q
∗
4 ±Q5Q∗5), Q5Q∗4],
[Q1Q
∗
3, Q2Q
∗
3,−Q1Q∗2, 1√2(Q1Q∗1 −Q2Q∗2), Q2Q∗1, 1√6(2Q3Q∗3 −Q2Q∗2 −Q1Q∗1),
−Q3Q∗2, Q3Q∗1], [εabcQaQbQcQm], [Q∗aQm] and QaQ∗a, (and their conjugates) respec-
tively.
Now in order to test the superon picture and to see the potential of superon-
quintet model(SQM) of matter in the low energy we try to interpret the Feynman
diagrams of SM(GUT) in terms of the superon pictures of all particles in SM(GUT).
We replace a single line of the propagator of a particle in the Feynman diagrams
of SM(GUT) by the multiple lines of superons constituting each particle under the
following two assumptoions at the vertex;
(i) the analogue of the OZI-rule of the quark model and
(ii) the superon number consevation.
The assumption (i) is natural, for all particles are assigned to each state of a single
irreducible representation of SO(10) SP algebra. Fig.1 shows the corresponding for-
bidden superon-line Feynmann diagram showing the transition between the different
eigenstates a and b without the interaction. Fig.2 is the allowed diagram showing
a interacting(decay) vertex a→ b+ c. (ii) is a superon number conservation and
gives naturally a selection rule at the vertex as read in Fig.2.
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c
Fig.2
We have studied whether Feynmann diagrams of SM and (SUSY)GUT are repro-
duced ( i.e., SGM allowed ) or not ( i.e., SGM forbidden ) by the superon pictures
under the asummptions (i) and (ii).
As an example of the allowed diagram, β decay( Fig.3 ) is drawn in Fig.4 in terms
of superons.
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We find many remarkable results[11][17][20] and show below only some of them.
In the SM( the low energy); the naturalness of the mixing of K0-K0, D0-D0 and B0-
B0(the difference of the mass eigenstates and the electroweak eigenstates), no CKM-
like (but the different origins beyond SM) mixings among the lepton generations,
π0 −→ 2γ as an ordinary tree diagram of the dominating decay mode, no µ −→ e+γ
despite compositeness, · · ·, etc.
Beyond the SM; νe ←→ νµ ←→ ντ transitions, the origins of the observed (strong)
CP-violation and their qualitative differences among K0, D0 and B0, the tiny values
of the SM Yukawa couplings constants as effective couplings, · · ·, etc.
In (SUSY)GUT; no (Fig.6) dangerous tree diagrams inducing(Fig.5) proton decay
(without introducing R-parity by hand for SUSY GUT), · · · etc..
Fig.5 shows as an example the dangerous Feynmann diagram of the main decay
mode of proton p→ π0+e in GUT. Fig.6 shows that the gauge couipling vertex(the
dotted circle of Fig.5) can not be reproduced in terms of superons,which indicates
proton does not decay p→ π0+ e at the tree level. Also proton is stable against the
decay p→ K++ ν¯ in SUSY GUT, for the dangerous box-type Feynmann diagram of
the decay p→ K++ ν¯ in SUSY GUT can not be reproduced in the superon picture.
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Fig.6
Among predicted new particles in the low energy ( i.e., the states escape from
being absorbed )[11];
one lepton-type electroweak-doublet (νΓ,Γ
−) with spin 3
2
with the mass of the elec-
troweak scale (≤ Tev) and an electroweak-singlet and double-charge Dirac particle
E++ with spin 1
2
which should have large mass(> Tev)
are color-singlet states for matter and can be produced directly.
And the effects of S gauge boson may be observed in the coming (high energy)
experiments, particularly in B0 (and D0) decay and in the various mixings of the
electroweak eigenstates.
Considering SUSY SM is usually equipted with SU(3) × SU(2) × U(1) × U(1)
superon-quintet model(SQM)[11] of matter may be the most economic gauge model
containing the three generations of quarks and leptons.
Finally we just remark about the (superHiggs) mass generation mechanism as-
sumed boldly above. This may be probable if the symmetry between the states
containing up to 5 superons and above 5 superons is broken spontaneously. And/or
it is probale if the symmetry between the massless states with spin J and J − 1
(J ≤ 3) is broken. One half of the helicity states (e.g. the superpartners) become
massive and decouple, provided the mass is huge.
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3 Fundamental Action of SGM
In this section we justify the superon hypothesis. The supercharges Q of VA action
of NLSUSY[2] is computed by the supercurrents[22]
Jµ(x) =
1
i
σµψ(x)− κ{the higher order terms of κ, ψ(x) and ∂ψ(x)}. (6)
(6) means the field-current identity between the elementary NG spinor field ψ(x)
and the supercurrent, which justifies our bold assumption that the generator(super
charge) QN ∼ ∫ J0Ndx3 (N=1,2,..10) of SO(10) SPA in the light-cone frame repre-
sents the fundamental massless particle, superon with spin 1
2
. Therefore superon
is the NG fermion of NLSUSY and the fundamental theory of SGM for spacetime
and matter at(above) the Planck scale is SO(10) NLSUSY in the curved space-
time(corresponding to the Clifford vacuum | Ω(±2)〉).
It is well known that it is impossible to write down the action of SUGRA with N > 8
due to so called the no-go theorem on massless high spin(> 2) field based upon the
S-matrix arguments.
However we show that disregarding a priori S-matrix constraints at the begining
and giving weight to the geometrical arguments we can construct N=10 extended
SUSY theory containing the garvitational interaction.
Extending the geometrical arguments of Einstein general relativity theory(EGRT)
on Riemann spacetime to new (SGM) spacetime where besides the Minkowski coor-
dinate xa the coset space coordinates ψ for SL(2C) of superGL(4,R)
GL(4,R)
turning to the NG
fermion degrees of freedom(d.o.f.) are attached at every spacetime point, we obtain
the following N=10 SGM action[17];
LSGM = − c
3
16πG
|w|(Ω + Λ), (7)
|w| = detwaµ = det(eaµ + taµ), taµ = iκ
4
2
(ψ¯jγa∂µψ
j − ∂µψ¯jγaψj), (8)
where waµ and e
a
µ are the vierbeins of unified SGM spacetime and Riemann space-
time of EGRT respectively, ψj(j = 1, 2, .., 10,) is NG fermion(superon) originating
from the coset space coordinates of N=10 superGL(4,R)
GL(4,R)
, G is the gravitational con-
stant, κ4 = ( c
3Λ
16piG
)−1 is a fundamental volume of four dimensional spacetime of
VA model[2], and Λ is a small cosmological constant related to the strength of
the superon-vacuum coupling constant. Therefore SGM contains two mass scales,
1√
G
(Planck scale) in the first term describing the curvature energy and κ ∼ Λ
G
(O(1))
in the second term describing the vacuum energy of SGM. Ω is a new scalar curva-
ture analogous to the Ricci scalar curvature R of EGRT, whose explicit expression
9
is obtained by just replacing eaµ(x) by w
a
µ(x) in Ricci scalar R[23].
These results can be understood intuitively by observing that
waµ(x) = e
a
µ(x) + t
a
µ(x), (9)
inspired by
ωa = dxa +
iκ4
2
(ψ¯jγadψj − dψ¯jγaψj) ∼ waµdxµ, (10)
where ωa is the NLSUSY invariant differential forms of VA[2], is invertible, i.e.,
wµa = e
µ
a − tµa + tµρtρa − tµσtσρtρa + tµκtκσtσρtρa + · · · , (11)
which terminates with (t)10 and sµν ≡ waµηabwbν and sµν(x) ≡ wµa(x)wνa(x) are a
unified vierbein and a unified metric tensor in SGM spacetime[17][23]. It is straight-
forward to show wa
µwµb = ηab, sµνwa
µwb
µ = ηab, ..etc. [As shown in (8), throughout
the paper the first and the second indices of t represent those of the γ-matrix and
the derivative, respectively.] It seems natural that the ordinary vierbein and the
stress-enery-momentum tensor of superon contribute equally to the vierbein of the
unified (SGM) spacetime.
The SGM action (7) is invariant at least under the following symmetries[24]; global
SO(10), ordinary local GL(4R), the following new NLSUSY transformation
δNLψi(x) =
1
κ2
ζ i + iκ2(ζ¯jγρψj(x))∂ρψ
i(x), δNLeaµ(x) = iκ
2(ζ¯jγρψj(x))∂[ρe
a
µ](x),
(12)
where ζ i, (i = 1, ..10) is a constant spinor and ∂[ρe
a
µ](x) = ∂ρe
a
µ − ∂µeaρ,
the following GL(4R) transformations due to (12)
δζw
a
µ = ξ
ν∂νw
a
µ + ∂µξ
νwaν , δζsµν = ξ
κ∂κsµν + ∂µξ
κsκν + ∂νξ
κsµκ, (13)
where ξρ = iκ2(ζ¯jγρψj(x)), and the following local Lorentz transformation on waµ
δLw
a
µ = ǫ
a
bw
b
µ (14)
with the local parameter ǫab = (1/2)ǫ[ab](x) or equivalently on ψ and e
a
µ
δLψ(x) = − i
2
ǫabσ
abψ, δLe
a
µ(x) = ǫ
a
be
b
µ +
κ4
4
εabcdψ¯jγ5γdψ
j(∂µǫbc). (15)
The local Lorentz transformation forms a closed algebra, for example, on eaµ(x)
[δL1 , δL2]e
a
µ = β
a
be
b
µ +
κ4
4
εabcdψ¯jγ5γdψ
j(∂µβbc), (16)
10
where βab = −βba is defined by βab = ǫ2acǫ1cb−ǫ2bcǫ1ca. The commutators of two new
NLSUSY transformations (12) on ψ(x) and eaµ(x) are GL(4R), i.e. new NLSUSY
(12) is the square-root of GL(4R);
[δζ1 , δζ2 ]ψ = Ξ
µ∂µψ, [δζ1 , δζ2 ]e
a
µ = Ξ
ρ∂ρe
a
µ + e
a
ρ∂µΞ
ρ, (17)
where Ξµ = 2iκ(ζ¯2γ
µζ1) − ξρ1ξσ2 eaµ(∂[ρeaσ]). They show the closure of the algebra.
(The ordinary GL(4R) invariance is trivial by the construction.) SGM action (7) is
invariant at least under[24]
[global new NLSUSY]⊗ [local GL(4,R)]⊗ [local Lorentz]⊗ [global SO(10)], (18)
which is isomorphic to SO(10)SP whose single irreducible representation gives the
group theoretical description of SGM[11].
Note that the no-go theorem[8][9] is overcome in a sence that the massless N-
extended theory with N > 8 has been written down explicitly. Here we just mention
that the superon d.o.f. can be gauged away neither by the ordinary GL(4R) trans-
formations of eaµ(x) connecting x
µ and xa nor by the local spinor translation, e.g.
δψ(x) = ζ(x), δeaµ(x) = −iκ2(ζ¯(x)γa∂µψ(x) + ψ¯(x)γa∂µζ(x)) which is nothing but
a translation(redefifition) of the spinor coordinate in SGM spacetime. Therefore the
action (7) is a nontrivial generalization of the EH action. Further details are read
in Sec.7.
Also it should be noticed that SGM action (7) posesses two types of flat space which
are not equivalent, i.e. SGM-flat(waµ(x) → δaµ) and Riemann flat(eaµ(x) → δaµ).
This structure plays impotant roles in the cosmology of SGM (7) discussed in Sec
6. The linearization of such a theory with a high nonlinearity is an interesting and
inevitable to obtain an equivalent local field theory which is renormalizable and
describes the observed low energy (SM) physics. We discuss these problems in the
next section.
4 Toward Linearization of SGM
4.1 Linearization of N=1 NLSUSY in flat spacetime
In advance of the linearization of the SGM we investigate the linearization of VA
model[2] in detail. The linearization of VA model has been investigated by many
authors[25][26][27] and proved that N=1 VA model of NLSUSY is equivalent to
N=1 scalar supermultiplet action of LSUSY which is renormalizable. The general
arguments on the constraints which gives the relations between the linear and the
nonlinear realizations of global SUSY have been established[25]. Following the gen-
eral arguments we have shown explicitly[28] that the nonrenormalizable N=1 VA
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model is equivalent to a renormalizable action of a U(1) gauge supermultiplet of the
linear SUSY[1] with the Fayet-Iliopoulos(FI) D term[29] indicating a spontaneous
SUSY breaking[28]. Remarkably we find that the magnitude of FI D term(vacuum
value) is determined uniqely to reproduce the correct sign of VA action and that
a U(1) gauge field constructed explicitly in terms of NG fermion fields is an axial
vector field for N=1.
An N = 1 U(1) gauge supermultiplet is given by a real superfield[13] [14]
V (x, θ, θ¯) = C + iθχ− iθ¯χ¯+ 1
2
iθ2(M + iN)− 1
2
iθ¯2(M − iN)− θσmθ¯vm
+iθ2θ¯
(
λ¯ +
1
2
iσ¯m∂mχ
)
− iθ¯2θ
(
λ+
1
2
iσm∂mχ¯
)
+
1
2
θ2θ¯2
(
D +
1
2
✷C
)
,(19)
where C(x), M(x), N(x), D(x) are real scalar fields, χα(x), λα(x) and χ¯α˙(x), λ¯α˙(x)
are Weyl spinors and their complex conjugates, and vm(x) is a real vector field.
We adopt the notations in ref. [12]. Following refs. [25], we define the superfield
V˜ (x, θ, θ¯) by
V˜ (x, θ, θ¯) = V (x′, θ′, θ¯′), (20)
x′m = xm + iκ
(
ζ(x)σmθ¯ − θσmζ¯(x)
)
, θ′ = θ − κζ(x), θ¯′ = θ¯ − κζ¯(x). (21)
V˜ may be expanded as (19) in component fields {φ˜i(x)} = {C˜(x), χ˜(x), ¯˜χ(x), · · ·},
which can be expressed by C, χ, χ¯, · · · and ζ , ζ¯ by using the relation (20). κ is now
defined with the dimension (length)2. They have the supertransformations of the
form
δφ˜i = −iκ
(
ζσmǫ¯− ǫσmζ¯
)
∂mφ˜i. (22)
Therefore, a condition φ˜i(x) = constant is invariant under supertransformations.
As we are only interested in the sector which only depends on the NG fields, we
eliminate other degrees of freedom than the NG fields by imposing SUSY invariant
constraints
C˜ = χ˜ = M˜ = N˜ = v˜m = λ˜ = 0, D˜ =
1
κ
. (23)
Solving these constraints we find that the original component fields C, χ, χ¯, · · · can
be expressed by the NG fields ζ , ζ¯. Among them, the leading terms in the expansion
of the fields vm, λ, λ¯ and D, which contain gauge invariant degrees of freedom, in κ
are
vm = κζσmζ¯+·, λ = iζ−1
2
κ2ζ
(
ζσm∂mζ¯ − ∂mζσmζ¯
)
+·, D = 1
κ
+iκ
(
ζσm∂mζ¯ − ∂mζσmζ¯
)
+·,
(24)
where · are higher order terms in κ. Our discussion so far does not depend on
a particular form of the action. We now consider a free action of a U(1) gauge
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supermultiplet of LSUSY with a FI D term. In component fields we have
S =
∫
d4x
[
−1
4
vmnv
mn − iλσm∂mλ¯+ 1
2
D2 − 1
κ
D
]
. (25)
The last term proportional to κ−1 is the FI D term. The field equation for D gives
D = 1
κ
6= 0 in accordance with eq. (23), which indicates the spontaneous breakdown
of supersymmetry. We substitute eq. (24) into the action (25) and obtain an action
for the NG fields ζ , ζ¯ which is exactly N=1 VA action.
S = − 1
2κ2
∫
d4x det
[
δnm + iκ
2
(
ζσn∂mζ¯ − ∂mζσnζ¯
)]
. (26)
For N=1, U(1) gauge field becomes vm ∼ κζ¯γmγ5ζ + · · · in the four-component
spinor notation, which is unfortunately an axial vector and can not be identified
with the observed vector gauge boson of SM. However these are very suggestive
and favourable to SGM and as shown in the next section the vector gauge field and
SU(2) gauge structure appear simultaneously in N=2.
4.2 Linearization of N=2 NLSUSY in flat spacetime
Next we focus our attention to the N = 2 SUSY and discuss a connection between
the VA model and an N = 2 vector supermultiplet [31] of the linear SUSY in four-
dimensional spacetime. In particular, we show that for the N = 2 theory a SUSY
invariant relation between component fields of the vector supermultiplet and the NG
fermion fields can be constructed by means of the method used in Ref. [26] starting
from an ansatz given below (Eq. (36)). We also briefly discuss a relation of the
actions for the two models.
Let us denote the component fields of an N = 2 U(1) gauge supermultiplet [31],
which belong to representations of a rigid SU(2) [38], as follows; namely, φ for a
physical complex scalar field, λiR (i = 1, 2) for two right-handed Weyl spinor fields
and Aa for a U(1) gauge field in addition to D
I (I = 1, 2, 3) for three auxiliary real
scalar fields required from the mismatch of the off-shell degrees of freedom between
bosonic and fermionic physical fields. λiR and D
I belong to representations 2 and 3
of SU(2) respectively while other fields are singlets. By the charge conjugation we
define left-handed spinor fields as λLi = Cλ¯
T
Ri. We use the antisymmetric symbols
ǫij and ǫij (ǫ
12 = ǫ21 = +1) to raise and lower SU(2) indices as ψ
i = ǫijψj , ψi = ǫijψ
j .
The N = 2 LSUSY transformations of these component fields generated by
constant spinor parameters ζ iL are
δQφ = −
√
2ζ¯RλL,
13
δQλLi = −1
2
Fabγ
abζLi −
√
2iγa∂aφζRi + i(ζLσ
I)iD
I ,
δQAa = −iζ¯LγaλL − iζ¯RγaλR,
δQD
I = ζ¯Lσ
Iγa∂aλL + ζ¯Rσ
Iγa∂aλR, (27)
where ζRi = Cζ¯
T
Li, Fab = ∂aAb − ∂bAa, and σI are the Pauli matrices. The con-
tractions of SU(2) indices are defined as ζ¯RλL = ζ¯Riλ
i
L, ζ¯Rσ
IλL = ζ¯Ri(σ
I)ijλ
j
L, etc.
These supertransformations satisfy a closed off-shell commutator algebra
[δQ(ζ1), δQ(ζ2)] = δP (v) + δg(θ), (28)
where δP (v) and δg(θ) are a translation and a U(1) gauge transformation with pa-
rameters
va = 2i(ζ¯1Lγ
aζ2L − ζ¯1Rγaζ2R), θ = − vaAa + 2
√
2ζ¯1Lζ2Rφ− 2
√
2ζ¯1Rζ2Lφ
∗. (29)
Only the gauge field Aa transforms under the U(1) gauge transformation
δg(θ)Aa = ∂aθ. (30)
Although our discussion on the relation between the linear and NLSUSY trans-
formations does not depend on a form of the action, it is instructive to consider a
free action which is invariant under Eq. (27)
Slin =
∫
d4x
[
∂aφ∂
aφ∗ − 1
4
F 2ab + iλ¯R6∂λR +
1
2
(DI)2 − 1
κ
ξIDI
]
, (31)
where κ is a constant whose dimension is (mass)−2 and ξI are three arbitrary real
parameters satisfying (ξI)2 = 1. The last term proportional to κ−1 is an analog of
the FI D term in the N = 1 theories [29]. The field equations for the auxiliary fields
give DI = ξI/κ indicating a spontaneous SUSY breaking.
On the other hand, in the N = 2 VA model [18] we have a NLSUSY transfor-
mation law of the NG fermion fields ψiL
δQψ
i
L =
1
κ
ζ iL − iκ
(
ζ¯Lγ
aψL − ζ¯RγaψR
)
∂aψ
i
L, (32)
where ψRi = Cψ¯
T
Li. This transformation satisfies off-shell the commutator algebra
(28) without the U(1) gauge transformation on the right-hand side. The VA action
invariant under Eq. (32) reads
SVA = − 1
2κ2
∫
d4x detw, (33)
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where the 4× 4 matrix w is defined by
wab = δ
a
b + κ
2tab, t
a
b = −iψ¯Lγa∂bψL + iψ¯Rγa∂bψR. (34)
The VA action (33) is expanded in κ as
SVA = − 1
2κ2
∫
d4x
[
1 + κ2taa +
1
2
κ4(taat
b
b − tabtba)
−1
6
κ6ǫabcdǫ
efgdtaet
b
f t
c
g − 1
4!
κ8ǫabcdǫ
efghtaet
b
f t
c
gt
d
h
]
. (35)
We would like to obtain a SUSY invariant relation between the component fields of
the N = 2 vector supermultiplet and the NG fermion fields ψi at the leading orders
of κ. It is useful to imagine a situation in which the linear SUSY is broken with
the auxiliary fields having expectation values DI = ξI/κ as in the free theory (31).
Then, we expect from the experience in the N = 1 cases [25][26][27][28] and the
transformation law of the spinor fields in Eq. (27) that the relation should have a
form
λLi = iξ
I(ψLσ
I)i +O(κ2), DI = 1
κ
ξI +O(κ), (other fields) = O(κ). (36)
Higher order terms are obtained such that the LSUSY transformations (27) are
reproduced by the NLSUSY transformation of the NG fermion fields (32).
After some calculations we obtain the relation between the fields in the linear
theory and the NG fermion fields as
φ(ψ) =
1√
2
iκξIψ¯Rσ
IψL −
√
2κ3ξIψ¯Lγ
aψLψ¯Rσ
I∂aψL
−
√
2
3
κ3ξIψ¯Rσ
JψLψ¯Rσ
JσI 6∂ψR +O(κ5),
λLi(ψ) = iξ
I(ψLσ
I)i + κ
2ξIγaψRiψ¯Rσ
I∂aψL +
1
2
κ2ξIγabψLi∂a
(
ψ¯Lσ
IγbψL
)
+
1
2
κ2ξI(ψLσ
J)i
(
ψ¯Lσ
JσI 6∂ψL − ψ¯RσJσI 6∂ψR
)
+O(κ4),
Aa(ψ) = −1
2
κξI
(
ψ¯Lσ
IγaψL − ψ¯RσIγaψR
)
+
1
4
iκ3ξI
[
ψ¯Lσ
JψRψ¯R
(
2δIJδba − σJσIγaγb
)
∂bψL
−1
4
ψ¯Lγ
cdψRψ¯Rσ
I
(
2γaγcdγ
b − γbγcdγa
)
∂bψL + (L↔ R)
]
+O(κ5),
DI(ψ) =
1
κ
ξI − iκξJ
(
ψ¯Lσ
IσJ 6∂ψL − ψ¯RσIσJ 6∂ψR
)
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+κ3ξJ
[
ψ¯Lσ
IψR∂aψ¯Rσ
J∂aψL − ψ¯LσKγcψL
{
iǫIJK∂cψ¯L6∂ψL
−1
2
∂aψ¯Lσ
JσKσIγc∂
aψL +
1
4
∂aψ¯Lσ
JσIσKγaγc6∂ψL
}
−1
4
ψ¯Lσ
KψR
{
∂aψ¯Rσ
JσIσKγbγa∂bψL − ψ¯R
(
2δIK + σIσK
)
σJ✷ψL
}
+
1
16
ψ¯Lγ
cdψR
{
∂aψ¯Rσ
JσIγbγcdγ
a∂bψL + ψ¯Rσ
IσJγbγcdγ
a∂a∂bψL
}
+(L↔ R)
]
+O(κ5). (37)
The transformation of the NG fermion fields (32) reproduces the transformation
of the linear theory (27) except that the transformation of the gauge field Aa(ψ)
contains an extra U(1) gauge transformation
δQAa(ψ) = −iζ¯LγaλL(ψ)− iζ¯RγaλR(ψ) + ∂aX, (38)
where
X =
1
2
iκ2ξI ζ¯L
(
2δIJ − σIJ
)
ψRψ¯Rσ
JψL + (L↔ R). (39)
The U(1) gauge transformation parameter X satisfies
δQ(ζ1)X(ζ2)− δQ(ζ2)X(ζ1) = −θ, (40)
where θ is defined in Eq. (29). Due to this extra term the commutator of two super-
tansformations on Aa(ψ) does not contain the U(1) gauge transformation term in
Eq. (28). This should be the case since the commutator on ψ does not contain the
U(1) gauge transformation term. For gauge invariant quantities like Fab the trans-
formations exactly coincide with those of the LSUSY. In principle we can continue
to obtain higher order terms in the relation (37) following this approach. However,
it will be more useful to use the N = 2 superfield formalism [34] as was done in
Refs. [25, 26, 27, 28] for the N = 1 theories.
We note that the leading terms of Aa in Eq. (37) can be written as
Aa = −κξ1χ¯γ5γaϕ+ iκξ2χ¯γaϕ− 1
2
κξ3 (χ¯γ5γaχ− ϕ¯γ5γaϕ) +O(κ3), (41)
where we have defined Majorana spinor fields
χ = ψ1L + ψR1, ϕ = ψ
2
L + ψR2. (42)
When ξ1 = ξ3 = 0, this shows the vector nature of the U(1) gauge field[33] as we
expected.
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The relation (37) reduces to that of the N = 1 SUSY by imposing, e.g. ψ2L = 0.
When ξ1 = 1, ξ2 = ξ3 = 0, we find λL2 = 0, Aa = 0, D
3 = 0 and that the relation
between (φ, λL1, D
1, D2) and ψ1L becomes that of the N = 1 scalar supermultiplet
obtained in Ref. [26]. When ξ1 = ξ2 = 0, ξ3 = 1, on the other hand, we find λL1 = 0,
φ = 0, D1 = D2 = 0 and that the relation between (λL2, Aa, D
3) and ψ1L becomes
that of the N = 1 (axial) vector supermultiplet obtained in Refs. [25, 28].
Our result (37) does not depend on a form of the action for the linear SUSY
theory. We discuss here the relation between the free linear SUSY action Slin in Eq.
(31) and the VA action SVA in Eq. (33). It is expected that they coincide when Eq.
(37) is substituted into the linear action (31) as in the N = 1 case [25, 26, 27, 28].
We have explicitly shown that Slin indeed coincides with the VA action SVA up to
and including O(κ0) in Eq. (35)[33].
Now we summarize our results in this section.
We have constructed the SUSY invariant relation between the component fields
of the N = 2 vector supermultiplet and the NG fermion fields ψiL at the leading
orders of κ. We have explicitly shown that the U(1) gauge field Aa has the vector
nature in terms of the two NG fermion fields in contrast to the models with the
N = 1 SUSY [33]. The vector state with two NG fermion fields belongs to the
adjoint representation of SGM scenario as expected. The relation (37) contains three
arbitrary real parameters ξI/κ, which can be regarded as the vacuum expectation
values of the auxiliary fields DI . When we put ψ2L = 0, the relation reduces to
that of the N = 1 scalar supermultiplet or that of the N = 1 vector supermultiplet
depending on the choice of the parameters ξI . We have also shown that the free
action Slin in Eq. (31) with the FI D term reduces to the VA action SVA in Eq. (33)
at least up to and including O(κ0). From these results we anticipate the equivalence
of the action of N -extended standard supermultiplets of LSUSY to the N -extended
VA action of NLSUSY, which is favorable for the SGM scenario.
It is interesting that SU(2) gauge structure of the SM is explained naturally if the
gauge bosons are the SUSY-composites of SGM-type.
The derivation of the equivalent interacting LSYSY theory is yet to be studied.
4.3 Linearizing SGM
In this section we would like to attempt[35][36][37] the linearization of the new EH
type action(N=1 SGM action) to obtain the equivalent LSUSY theory in the low
energy.
Considering a phenomenological potential of SGM, though qualitative and group
theoretical, discussed in [10][11] based upon the composite picture of LSUSY repre-
sentation and the recent interest in NLSUSY in superstring(membrane) world, the
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linearization of NLSUSY in curved spacetime may be of some general interest.
The linearization of SGM is physically interesting in general, even if it poduced
an existing SUGRA-like theory, for the consequent broken LSUSY theory is shown
to be equivalent and gives a new insight into the fundamental structure of nature
behind the low energy effective theory.
For convenience we review N=1 SGM action briefly. SGM action is given by[17];
LSGM = − c
3
16πG
|w|(Ω + Λ), (43)
|w| = detwaµ = det(eaµ + taµ), taµ = iκ
4
2
(ψ¯γa∂µψ − ∂µψ¯γaψ), (44)
which is invariant at least under the following symmetry[24]; ordinary GL(4R), the
following new NL SUSY transformation;
δNLψ(x) =
1
κ2
ζ+iκ2(ζ¯γρψ(x))∂ρψ(x), δ
NLeaµ(x) = iκ
2(ζ¯γρψ(x))∂[ρe
a
µ](x), (45)
where ζ is a constant spinor and ∂[ρe
a
µ](x) = ∂ρe
a
µ − ∂µeaρ,
the following GL(4R) transformations due to (45);
δζw
a
µ = ξ
ν∂νw
a
µ + ∂µξ
νwaν , δζsµν = ξ
κ∂κsµν + ∂µξ
κsκν + ∂νξ
κsµκ, (46)
where ξρ = iκ2(ζ¯γρψ(x)), and the following local Lorentz transformation on waµ;
δLw
a
µ = ǫ
a
bw
b
µ (47)
with the local parameter ǫab = (1/2)ǫ[ab](x) or equivalently on ψ and e
a
µ
δLψ(x) = − i
2
ǫabσ
abψ, δLe
a
µ(x) = ǫ
a
be
b
µ +
κ4
4
εabcdψ¯γ5γdψ(∂µǫbc). (48)
The local Lorentz transformation forms a closed algebra, for example, on eaµ(x)
[δL1 , δL2 ]e
a
µ = β
a
be
b
µ +
κ4
4
εabcdψ¯γ5γdψ(∂µβbc), (49)
where βab = −βba is defined by βab = ǫ2acǫ1cb − ǫ2bcǫ1ca. The commutators of two
new NL SUSY transformations (45) on ψ(x) and eaµ(x) are GL(4R), i.e. new NL
SUSY (45) is the square-root of GL(4R);
[δζ1 , δζ2 ]ψ = Ξ
µ∂µψ, [δζ1 , δζ2 ]e
a
µ = Ξ
ρ∂ρe
a
µ + e
a
ρ∂µΞ
ρ, (50)
where Ξµ = 2i(ζ¯2γ
µζ1) − ξρ1ξσ2 eaµ(∂[ρeaσ]). They show the closure of the algebra.
SGM action (43) is invariant at least under[24]
[global new NLSUSY]⊗ [local GL(4,R)]⊗ [local Lorentz], (51)
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which is isomorphic to SP whose single irreducible representation gives the group
theoretical description of SGM[11].
In the preceeding section the linearization has been carried out by using the su-
perfield formalism and/or by the heuristic and intuitive arguments on the relations
between the component fields of LSUSY and NLSUSY. In either case it is crucial to
discover the SUSY invariant relations which connect the supermultiplets of L and
NL theories and reproduce the LSUSY transformations.
In abovementioned cases of the global SUSY in flat spacetime the SUSY invariant
relations are obtained straightforwardly, for L and NL supermultiplets are well un-
destood and the algebraic structures are the same SP. (However as demonstrated
the naive application of the superfield technique have produced the free theory of
the linear supermultiplet.)
The situation is rather different in SGM, for (i) the supermultiplet structure
of the linearized theory of SGM is unknown except it is expected to be a broken
LSUSY SUGRA-like theory containing graviton and a (massive) spin 3/2 field as
dynamical d.o.f. and (ii) the algebraic structure (51) is changed into SP.
And we should seek the linearization which produces the interacting theory of the
linearized supermultilet and unifies all charges.
Therefore by the heuristic arguments and referring to SUGRA we discuss for the
moment the linearization of N=1 SGM.
At first, we assume faithfully to SGM scenario that;
(i) the linearized theory should contain the spontaneously broken global (at least)
LSUSY
(ii) graviton is an elementary field(not composite of superons coresponding to the
vacuum of the Clifford algebra) in both L and NL theories
(iii) the NLSUSY supermultiplet of SGM (eaµ(x), ψ(x)) should be connected to the
composite supermultiplet (e˜aµ(e(x), ψ(x)), λ˜µ(e(x), ψ(x))) for elementary graviton
field and a composite (massive) spin 3/2 field of the SUGRA-like linearized theory.
From these assumptions and following the arguments performed in the flat space
cases we require that the SUGRA gauge transformation with the global spinor pa-
rameter ζ should hold for the supermultiplet (e˜aµ(e, ψ), λ˜µ(e, ψ)) of the (SUGRA-
like) linearized theory, i.e.,
δe˜aµ(e, ψ) = iκζ¯γ
aλ˜µ(e, ψ), (52)
δλ˜µ(e, ψ) =
2
κ
Dµζ = − i
κ
ω˜abµ(e, ψ)σabζ, (53)
where σab = i
4
[γa, γb], Dµ = ∂µ − i2 ω˜abµ(e, ψ)σab, ζ is a global spinor parameter and
the variations in the left-hand side are induced by NLSUSY (45).
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We put the following SUSY invariant relations which connect eaµ to e˜
a
µ(e, ψ);
e˜aµ(e, ψ) = e
a
µ(x). (54)
This relation (54) is the assumption (ii) and holds simply the metric conditions.
Consequently the following covariant relation is obtained by substituting (54) into
(52) and computing the variations under (45)[35];
λ˜µ(e, ψ) = κγaγ
ρψ(x)∂[ρe
a
µ]. (55)
(As discussed later these should may be considered as the leading order of the expan-
sions in κ of SUSY invariant relations. The expansions terminate with (ψ)4.) Now
we see LSUSY transformation induced by (45) on the (composite) supermultiplet
(e˜aµ(e, ψ), λ˜µ(e, ψ)).
The LSUSY transformation on e˜aµ becomes as follows. The left-hand side of (52)
gives
δe˜aµ(e, ψ) = δ
NLeaµ(x) = iκ
2(ζ¯γρψ(x))∂[ρe
a
µ](x). (56)
While substituting (55) into the righ-hand side of (52) we obtain
iκ2(ζ¯γρψ(x))∂[ρe
a
µ](x) + · · · (extra terms). (57)
These results show that (54) and (55) are not SUSY invariant relations and repro-
duce (52) with unwanted extra terms which should be identified with the auxirialy
fields. The commutator of the two LSUSY transformations induces GL(4R) with
the field dependent parameters as follows;
[δζ1 , δζ2]e˜
a
µ(e, ψ) = Ξ
ρ∂ρe˜
a
µ(e, ψ) + e˜
a
ρ(e, ψ)∂µΞ
ρ, (58)
where Ξµ = 2i(ζ¯2γ
µζ1)− ξρ1ξσ2 eaµ(∂[ρeaσ]).
On λ˜µ(e, ψ), the left-hand side of (53) becomes apparently rather complicated;
δλ˜µ(e, ψ) = κδ(γaγ
ρψ(x)∂[ρe
a
µ])
= κγa[δ
NLγρψ(x)∂[ρe
a
µ] + γ
ρδNLψ(x)∂[ρe
a
µ] + γ
ρψ(x)∂[ρδ
NLeaµ]]. (59)
However the commutator of the two LSUSY transformations induces the similar
GL(4,R);
[δζ1 , δζ2 ]λ˜µ(e, ψ) = Ξ
ρ∂ρλ˜µ(e, ψ) + λ˜ρ(e, ψ)∂µΞ
ρ. (60)
These results indicate that it is necessary to generalize (52), (53) and (55) for ob-
taining SUSY invariant relations and for the closure of the algebra. Furthermore due
to the complicated expression of LSUSY (59) which makes the physical and math-
ematical structures are obscure, we can hardly guess a linearized invariant action
which is equivalent to SGM.
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Now we generalize the linearization by considering the auxirialy fields such that
LSUSY transformation on the linearized fields induces SP transformation.
By comparing (53) with (59) we understand that the local Lorentz transforma-
tion plays a crucial role. As for the local Lorentz transformation on the linearized
asymptotic fields corresponding to the observed particles (in the low energy), it is
natural to take (irrespective of (48)) the following forms
δLλ˜µ(x) = − i
2
ǫabσ
abλ˜µ(x), δLe˜aµ(x) = ǫ
a
be˜
b
µ, (61)
where ǫab = (1/2)ǫ[ab](x) is a local parameter. In SGM the local Lorentz transfor-
mations (47) and (48), i.e. the local Lorentz invariant gravitational interaction of
superon, are introduced by the geomtrical arguments in SGM spacetime[24] follow-
ing EGRT. While in SUGRA theory the local Lorentz transfomation invariance (61)
is realized as usual by introducing the Lorentz spin connection ωabµ. And the L
SUSY transformation is defined successfully by the (Lorentz) covariant derivative
containing the spin connection ω˜abµ(e, ψ) as seen in (53), which causes the super-
Poincare´ algebra on the commutator of SUSY and is convenient for constructing the
invariant action. Therefore in the linearized (SUGRA-like) theory the local Lorentz
transformation invariance is expected to be realized as usual by defining (61) and in-
troducing the Lorentz spin connection ωabµ. We investigate how the spin connection
ω˜abµ(e, ψ) appears in the linearized (SUGRA-like) theory through the linearization
process. This is also crucial for constructing a nontrivial (interacting) linearized
action which has manifest invariances.
We discuss the Lorentz covariance of the transformation by comparing (59) with
the right-hand side of (53). The direct computation of (53) by using SUSY invariant
relations (54) and (55) under (45) produces complicated redundant terms as read
off from (59). The local Lorentz invariance of the linearized theory may become
ambiguous and lose the manifest invariance.
For a simple restoration of the manifest local Lorentz invariance we survey the
possibility that such redundant terms may be adjusted by the d.o.f of the auxiliary
fields in the linearized supermultiplet. As for the auxiliary fields it is necessary for
the closure of the off-shell superalgebra to include the equal number of the fermionic
and the bosonic d.o.f. in the linearized supermultiplet. As new NL SUSY is a global
symmetry, λ˜µ has 16 fermionic d.o.f.. Therefore at least 4 bosonic d.o.f. must be
added to the off-shell SUGRA supermultiplet with 12 d.o.f.[38][39] and a vector field
may be a simple candidate.
However, counting the bosonic d.o.f. present in the redundant terms correspond-
ing to ω˜abµ(e, ψ), we may need a bigger supermultiplet e.g. 16 + 4 · 16 = 80 d.o.f.,
to carry out the linearization, in which case a rank-3 tensor φµνρ and a rank-2
tensor-spinor λµν may be candidates for the auxiliary fields.
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Now we consider the simple modification of SUGRA transformations(algebra)
by adjusting the (composite) structure of the (auxiliary) fields. We take, in stead of
(52) and (53),
δe˜aµ(x) = iκζ¯γ
aλ˜µ(x) + ζ¯Λ˜
a
µ, (62)
δλ˜µ(x) =
2
κ
Dµζ + Φ˜µζ = − i
κ
ω˜abµσabζ + Φ˜µζ, (63)
where Λ˜aµ and Φ˜µ represent auxiliary fields which are functionals of e
a
µ and ψ. We
need Λ˜aµ term in (62) to alter (56), (58), (59) and (60) toward that of super-Poincare´
algebra of SUGRA. We attempt the restoration of the manifest local Lorentz invari-
ance order by order by adjusting Λ˜aµ and Φ˜µ. In fact, the Lorentz spin connection
ωabµ(e)(i.e. the leading order terms of ω˜
ab
µ(e, ψ)) of (63) is reproduced by taking
the following one
Λ˜aµ =
κ2
4
[ieb
ρ∂[ρe
b
µ]γ
aψ − ∂[ρe|b|σ]ebµγaσρσψ], (64)
where (58) holds. Accordingly λ˜µ(e, ψ) is determined up to the first order in ψ as
follows;
λ˜µ(e, ψ) =
1
2iκ
(iκ2γaγ
ρψ(x)∂[ρe
a
µ] − γaΛ˜aµ) = −iκ
2
ωabµ(e)σabψ, (65)
which indicates the minimal Lorentz covariant gravitational interaction of superon.
Sustituting (65) into (63) we obtain the following new LSUSY transformation of
λ˜µ(after Fiertz transformations)
δλ˜µ(e, ψ) = −iκ
2
{δNLωabµ(e)σabψ + ωµab(e)σabδNLψ}
= − i
2κ
ωabµ(e)σabζ +
iκ
2
{ǫ˜ab(e, ψ)σab · ωabµ(e)σcdψ + · · ·}. (66)
Remarkably the local Lorentz transformations of λ˜µ(e, ψ) (,i.e. the second term)
with the field dependent antisymmetric parameters ǫ˜ab(e, ψ) is induced in addition
to the intended ordinary global SUSY transformation. This shows that (65) is the
SUSY invariant relations for λ˜µ(e, ψ), for the SUSY transformation of (65) gives the
right hand side of (63) with the extra terms. Interestingly the commutator of the
two LSUSY transformations on (65) induces GL(4R);
[δζ1 , δζ2]λ˜µ(e, ψ) = Ξ
ρ∂ρλ˜µ(e, ψ) + ∂µΞ
ρλ˜ρ(e, ψ), (67)
where Ξρ is the same field dependent parameter as given in (58). (58) and (67) show
the closure of the algebra on SP algebra provided that the SUSY invariant relations
(54) and (65) are adopted. These phenomena coincide with SGM scenario[10][11]
22
from the algebraic point of view, i.e. they are the superon-graviton composite (eigen-
states) corresponding to the linear representations of SP algebra. As for the redun-
dant higher order terms in (66) we can adjust them by considering the modified spin
connection ω˜abµ(e, ψ) particularly with the contorsion terms and by recasting them
in terms of (the auxiliary field d.o.f.) Φ˜µ(e, ψ). In fact, we found that the following
supermultiplet containing 160 (= 80 bosonic + 80 fermionic) d.o.f. may be the su-
permultiplet of the SUGRA-like LSUSY theory which is equivalent to SGM, i.e.,
for 80 bosonic d.o.f.
[ e˜aµ(e, ψ), aµ(e, ψ), bµ(e, ψ),M(e, ψ), N(e, ψ),
Aµ(e, ψ), Bµ(e, ψ), A
a
µ(e, ψ), B
a
µ(e, ψ), A
[ab]
µ(e, ψ) ] (68)
and for 80 fermionic d.o.f.
[ λ˜µα(e, ψ), Λ˜
a
µα(e, ψ) ], (69)
where α = 1, 2, 3, 4 are indices for Majorana spinor. The gauge d.o.f. of the local
GL(4R) and the local Lorentz of the vierbein are subtracted. Note that the second
line of (68) and the second term of (69) are equivalent to the off-shell (auxiliary)
field with spin 3 and spin 5/2, respectively.
The a priori gauge invariance for λ˜µα(e, ψ) is not necessary for massive case, which
can be anticipated by the spontaneous SUSY breaking. For it is natural to suppose
that the equivalent linear theory may be a coupled system of graviton and massive
spin 3/2 with the spontaneous global SUSY breaking, which may be an analogue
obtained by the super-Higgs mechanism in the spontaneous local SUSY breaking of
N=1 SUGRA[21]. Although at the moment the arguments are independent of the
form of the action.
By continuing the heuristic arguments order by order referring to the familiar
SUGRA supermultiplet we find the following SUSY invariant relations up to O(ψ2):
e˜aµ(e, ψ) = e
a
µ, (70)
λ˜µ(e, ψ) = −iκ(σabψ)ωabµ, (71)
Λ˜aµ(e, ψ) =
κ2
2
ǫabcd(γ5γdψ)ωbcµ, (72)
Aµ(e, ψ) =
iκ2
4
[(ψ¯γρ∂ρλ˜µ)− (ψ¯γρλ˜a)∂µeaρ − (¯˜λργρ∂µψ)]
+
κ3
4
[(ψ¯σaργb∂ρψ)(ωµba + ωabµ) + (ψ¯σ
abγc∂µψ)ωcab]
+
κ2
8
(
¯˜
λµσabγ
ρψ)ωabρ, (73)
Bµ(e, ψ) =
iκ2
4
[−(ψ¯γ5γρ∂ρλ˜µ) + (ψ¯γ5γρλ˜a)∂µeaρ − (¯˜λργ5γρ∂µψ)]
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+
κ3
4
[(ψ¯γ5σ
aργb∂ρψ)(ωµba + ωabµ) + (γ5σ
abγc∂µψ)ωcab]
+
κ2
8
(¯˜λµγ5σabγ
ρψ)ωabρ, (74)
Aaµ(e, ψ) =
iκ2
4
[(γργa∂ρλ˜µ)− (γργaλ˜b)∂µe˜bρ + (¯˜λργaγρ∂µψ)]
+
κ3
4
[−(ψ¯σbργaγc∂ρψ)(ωµcb + ωbcµ)− (γbcσaγd∂µψ)ωdbc]
−κ
2
8
(¯˜λµσbcγ
aγρψ)ωabρ, (75)
Baµ(e, ψ) =
iκ2
4
[(ψ¯γ5γ
ργa∂ρλ˜µ)− (γ5γργaλ˜b)∂µe˜bρ + (λ˜ργ5γaγρ∂µψ)]
+
κ3
8
[−(ψ¯γ5σbργaγc∂ρψ)(ωµcb + ωbcµ)− (ψ¯γ5σbcγaγd∂µψ)ωdbc]
−κ
2
8
(
¯˜
λµγ5σbcγ
aγρψ)ωabρ, (76)
A[ab]µ(e, ψ) =
iκ2
2
[(ψ¯γρσab∂ρλ˜µ)− (ψ¯γρσabλ˜c)∂µe˜cρ + (¯˜λρσabγρ∂µψ)]
−κ
3
2
[(ψ¯σcρσabγd∂ρψ)(ωµdc + ωcdµ) + (ψ¯σ
cdσabγe∂µψ)ωecd]
−κ
2
4
(¯˜λµσcdσ
abγρψ)ωabρ. (77)
In fact we can show that the following LSUSY transformations on (68) and (69)
inuced by NLSUSY (45) close among them(80+80 linearized multiplet). We show
the explicit expressions of some of the LSUSY transformations up to O(ψ).
δe˜aµ = iκζ¯γ
aλ˜µ − ǫabe˜bµ + ζ¯Λ˜aµ, (78)
δλ˜µ = − i
κ
(σabζ)ω
ab
µ +
i
2
ǫab(σabλ˜µ)
+Aµζ +Bµ(γ5ζ) + A
a
µ(γaζ) +B
a
µ(γ5γaζ) + A
ab
µ(σabζ), (79)
δΛ˜aµ =
1
2
ǫabcd(γ5γdζ)ωbcµ, (80)
δAµ = −1
8
[
i(ζ¯γρDρλ˜a)e˜
a
µ + 3i(ζ¯γ
aDµλ˜a) + 2(ζ¯σ
νργµDνλ˜ρ)
]
− 1
4κ
[
3(ζ¯DµΛ˜
a
a) + i(ζ¯σ
abDµΛ˜ab) + i(ζ¯σ
aρDρΛ˜(ab))e˜
b
µ
]
+
1
16
[
4i(ζ¯γρλ˜a)ω
a
ρµ + 4(ζ¯σ
bcγaλ˜a)ωbcµ − 4(ζ¯σaργbλ˜[ρ)ω|ab|µ]
+4(ζ¯σabγcλ˜a)ωµcb − 3(ζ¯σργbcλ˜[ρ)ω|bc|µ] + 2i(ζ¯σabγµσcdλ˜a)ωcdb
]
− 1
8κ
[
(ζ¯γbγaσcdΛ˜ab) + (ζ¯σ
cdγbγaΛ˜ab)
]
ωcdµ, (81)
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δAaµ =
1
8
[
−4i(ζ¯Dµλ˜a) + i(ζ¯γaγρD[µλ˜ρ]) + 2(ζ¯σνργaγµDνλ˜ρ)
]
+
1
4κ
[
−i(ζ¯σbργaD[µΛ˜|b|ρ])− i(ζ¯σνργaDνΛ˜bρ)e˜bµ + (ζ¯γcγbγaDµΛ˜bc)
]
+
1
16
[
−4i(ζ¯γργaλ˜b)ωbρµ − 2(ζ¯γργaσbcλ˜[ρ)ω|bc|µ] + 2(ζ¯γaσcdγbλ˜b)ωcdµ
+2(ζ¯σcdγaγbλ˜b)ωcdµ + 4(ζ¯σ
bργaγcλ˜[ρ)ω|bc|µ] − 4(ζ¯σbcγaγdλ˜b)ωµdc
−(ζ¯γaγρσcdλ˜[ρ)ω|cd|µ] − 2(ζ¯σbcγaγµσdeλ˜b)ωdec
]
+
1
8κ
[
(ζ¯σbργaσcdΛ˜b[ρ)ω|cd|µ] − (ζ¯σνργaσbcΛ˜µν)ωbcρ + i(ζ¯γcγbγaσdeΛ˜bc)ωdeµ
+i(ζ¯σdeγcγbγaΛ˜bc)ωdeµ
]
+
κ
2
(ζ¯DµΛ
′a)− κ
4
(ζ¯γcγaΛ′b)ωbcµ, (82)
δA[ab]µ =
1
4
[
−2i(ζ¯γρσabDρλ˜c)e˜cµ + i(ζ¯σabγρDρλ˜c)e˜cµ + i(ζ¯σabγcDµλ˜c)− 2(ζ¯σνρσabγµDνλ˜ρ)
]
+
1
2κ
[
−(ζ¯σabDµΛ˜cc) + i(ζ¯σcdσabDµΛ˜cd) + i(ζ¯σcρσabDρΛ˜(cd))e˜dµ
]
+
1
8
[
4i(ζ¯γρσabλ˜c)ω
c
ρµ + 4(ζ¯σ
cρσabγdλ˜[ρ)ω|cd|µ] − 4(ζ¯σcdσabγeλ˜c)ωµed
−(ζ¯σabγρσdeλ˜[ρ)ω|de|µ] − 2i(ζ¯σcdσabγµσef λ˜c)ωefd
−4i(ζ¯σcdσabσefγcλ˜d)ωefµ + 2(ζ¯σefσabγdλ˜d)ωefµ
]
+
1
4κ
[
−4(ζ¯σ[b|cΛ˜d|d)ωa]cµ + i(ζ¯σabσcdΛ˜ee)ωcdµ − (ζ¯σcdσabσef Λ˜cd)ωefµ
−(ζ¯σcρσabσdeΛ˜(cµ))ωdeρ − 2(ζ¯σefσcdσabΛ˜cd)ωefµ
]
, (83)
where ǫab is the Lorents parameter and we put ǫab = ξρωabρ. δBµ and δB
a
µ are
similar to δAµ and δA
a
µ respectively and omitted for simplicity. In the right-hand
side of (82) and δBaµ, the last terms contain Λ
′a
µ which is defined by Λ
′a
µ =
−ǫabcdγ5ψωbcd . Note that Λ′aµ is not the functional of the supermultiplet (69),
so we may have to treat Λ′aµ as new auxiliary field. However, if we put ǫab =
ǫab(λ˜µ, Λ˜
a
µ), e.g. ǫ
ab = ζ¯γ[aλ˜b], Λ′aµ does not appear in the right-hand side of (82)
and δBaµ. As a result, the LSUSY transformation on the supermultiplet (68) and
(69) are written by using the supermultiplet itself at least at the leading order of
superon ψ. The higher order terms remain to be studied. However we believe that
we can obtain the complete linearized off-shell supermultiplets of the SP algebra
by repeating the similar procedures (on the auxiliary fields) order by order which
terminates with ψ4. It may be favorable that 10 bosonic auxiliary fields, for example
aµ(e, ψ), bµ(e, ψ),M(e, ψ), N(e, ψ) are arbitrary up now and available for the closure
of the off-shell SP algebra in higher order terms.
Here we just mention the systematic linearization by using the superfield for-
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malism applied to study the coupled system of VA action with SUGRA[40]. We
can define on such a coupled system a local spinor gauge symmetry which induces
a super-Higgs mechanism[21] converting VA field to the longitudinal component of
massive spin 3/2 field. The consequent Lagrangian may be an analogue that we
have anticipated in the composite picture but with the elementary spin 3/2 field.
Developing the superfield formalism on SGM spacetime may be crucial for carrying
out the linearization along the SGM composite scenario, especially for N > 1.
Finally, we discuss the commutators for more general cases.
Here we consider a functional of (eaµ, ψ) and their derivatives as
fA(ψ, ψ¯, e
a
ρ;ψ,ρ, ψ¯,ρ, e
a
ρ,σ), (A = µ, µν, ...etc.) (84)
with ψ,ρ = ∂ρψ, etc., and we suppose that fA is the functional of O(ψ
2) for simplicity.
Then we have the variation of fA,
δfA =
∂fA
∂ψ
δψ + δψ¯
∂fA
∂ψ¯
+
∂fA
∂eaρ
δeaρ +
∂fA
∂ψ,ρ
(δψ),ρ + (δψ¯),ρ
∂fA
∂ψ¯,ρ
+
∂fA
∂eaρ,σ
(δeaρ),σ.(85)
and the commutator for fA becomes
[δ1, δ2]fA =
∂fA
∂ψ
[δ1, δ2]ψ + [δ1, δ2]ψ¯
∂fA
∂ψ¯
+
∂fA
∂eaρ
[δ1, δ2]e
a
ρ
+
∂fA
∂ψ,ρ
([δ1, δ2]ψ),ρ + ([δ1, δ2]ψ¯),ρ
∂fA
∂ψ¯,ρ
+
∂fA
∂eaρ,σ
([δ1, δ2]e
a
ρ),σ (86)
If we substitute the commutators for (eaµ, ψ) of Eq.(8) into Eq.(86), we obtain
[δ1, δ2]fA = Ξ
λ∂λfA +GA, (87)
where GA is defined by
GA = ∂ρΞ
λ
(
∂fA
∂eaρ
eaλ +
∂fA
∂ψ,ρ
∂λψ + ∂λψ¯
∂fA
∂ψ¯,ρ
+
∂fA
∂eaσ,ρ
∂λe
a
σ +
∂fA
∂eaρ,σ
∂σe
a
λ
)
+∂ρ∂σΞ
λ ∂fA
∂eaρ,σ
eaλ. (88)
The first term in r.h.s. of Eq.(87) means the translation of fA. Therefore Eq.(87)
shows that the closure of the commutator algebra on GL(4,R) for the various func-
tionals fA in the previous argument depends on GA of Eq.(88), and these argument
reproduces all the previous commutators respectively.
The linearization of SGM action (43) with the extra dimensions, which gives
another unification framework describing the observed particles as elementary fields,
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is open. And the linearization of SGM action for spin 3/2 NG fermion field[44]
discussed in the next section (with extra dimensions) to be discussed in the next
section may be in the same scope.
Now we summarize the results as follows: (i) Referring to SUGRA transforma-
tions we have obtained explicitly the SUSY invariant relations up to O(ψ)2 and the
corresponding new LSUSY transformations among 80+80 off-shell supermultiplet of
LSUSY. (ii) The new LSUSY transformations on 80+80 linearized supermultiplet
are different apparently from SUGRA transformations but close on super-Poincare´.
(iii)It is interesting that the simple relation λµ = e
a
µγaψ+ · · ·, which is sugested by
the flat spacetime linearization, seems disfavour with the SGM linearization in our
present method, so far. From the physical viewpoint what LSUSY SP may be to
SGM in quantum field theory, what O(4) symmetry is to the relativistic hydrogen
model in quantum mechanics. The complete linearization to all orders up to O(ψ)4,
which can be anticipated by the systematics emerging in the present study, needs
specifications of the auxiliary fields and remains to be studied. The details will
appear separately[42].
5 SGM with spin 3/2 Superon
In this section we extend the SGM[17] to a higher spin NG fermion. Following the
arguments of VA, the action of NG fermion ψµα(x) with spin 3/2 is already writ-
ten down by Baaklini as a nonlinear realization of a new superalgebra containing
a vector-spinor generator Qµα[43]. We study in detail the gravitational interaction
of Baaklini model[43]. We will see that the similar arguments to SGM can be per-
formed and produce a gauge invariant action, which is the straightforward general-
ization of SGM action. The phenomenological implications of spin 3/2 fundamental
constituents are discussed briefly.
In ref.[43], a new SUSY algebra containing a spinor-vector generator Qµα is in-
troduced as follows:
{Qµα, Qνβ} = εµνλρPλ(γργ5C)αβ , (89)
[Qµα, P
ν] = 0, (90)
[Qµα, J
λρ] =
1
2
(σλρQµ)α + iη
λµQρα − iηρµQλα, (91)
where Qµα are vector-spinor generators satisfying Majorana condition Q
µ
α = CαβQ
µ
α,
C is a charge conjugation matrix and 1
2
{γµ, γν} = ηµν = (+,−,−,−). By extending
the arguments of VA model[2]of NLSUSY, they obtain the following action as the
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nonlinear representation of the new SUSY algabra.
S =
1
κ
∫
ω0 ∧ ω1 ∧ ω2 ∧ ω3 = 1
κ
∫
detwabd
4x, (92)
wab = δab + tab, tab = iκεacdeψ¯
cγdγ5∂bψ
e, (93)
where κ is up to now arbitrary constant with the dimension of the fourth power of
length(i.e., a fundamental volume of spacetime) and ωa is the following differential
forms
ωa = dxa + iκεabcdψ¯
bγcγ5dψ
d, (94)
which is invariant under the following (super)translations
ψaα −→ ψaα + ζaα, (95)
xa −→ xa + iκεabcdψ¯bγcγ5ζd, (96)
where ζaα is a constant Majorana tensor-spinor parameter.
Now we consider the gravitational interaction of Baaklini model(89). We show
that the arguments performed in SGM of spin 1/2 NG field ψα(x) can be extended
straightforwardly to spin 3/2 Majorana NG field ψaα. In the present case, as seen
in (94), (95) and (96) NLSUSY SL(2C) degrees of freedom (i.e. the coset space
coordinates ψaα representing NG fermions) in addition to Lorentz SO(3,1) coordinates
are embedded at every curved spacetime point with GL(4R) invariance.
Following the arguments of SGM[17], it is natural to introduce formally a new
vierbein field waµ(x) through the NLSUSY invariant differential forms ωa in (94) as
follows:
ωa = waµdx
µ, (97)
waµ(x) = e
a
µ(x) + t
a
µ(x), t
a
µ(x) = iκε
abcdψ¯bγcγ5∂µψd, (98)
where eaµ(x) is the vierbein of Einstein Genaral Relativity Theory(EGRT) and Latin
(a, b, ..) and Greek (µ, ν, ..) are the indices for local Lorentz and general coordinates,
respectively. By noting (ψµα(x))
2 = 0, we can easily obtain the inverse of the new
vierbein, wa
µ(x), in the power series of taµ which terminates with (t
a
µ)
4:
wµa = e
µ
a − tµa + tρatµρ − . . . . (99)
Note that the first and the second indices of taµ (t
µ
a) represent those of γ-matrix
and the derivative, respectively. Similarly we introduce formally a new metric tensor
sµν(x) in the abovementioned curved spacetime as follows:
sµν(x) ≡ waµ(x)waν(x). (100)
It is easy to show wa
µwbµ = ηab, sµνwa
µwb
µ = ηab, ..etc. In order to obtain simply
the action in the abovementioned curved spacetime, which is invariant at least under
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GL(4R), NLSUSY and local Lorentz transformations, we follow formally EGRT as
performed in SGM. That is, we require that the new unified vierbein waµ(x) and
the metric sµν(x) should have formally a general coordinate transformations under
the supertranslations:
δxµ = −ξµ, δψa = ζa, (101)
where ξµ = iκεµνρσψ¯νγργ5ζσ.
Remarkably we find that the following global new NLSUSY transformations
δψa(x) = ζa − iκ(εµνρσψ¯νγργ5ζσ)∂µψa (102)
δeaµ(x) = iκ(ε
ρνσλψ¯νγσγ5ζλ)∂[µe
a
ρ] (103)
induce the desirable transformations on waµ(x) and s
µν(x) as follows:
δζ1w
a
µ = ξ
ν
1∂νw
a
µ + ∂µξ
ν
1w
a
ν , (104)
δζ1sµν = ξ
κ
1∂κsµν + ∂µξ
κ
1 sκν + ∂νξ
κ
1sµκ, (105)
where ξρζ1 = iκε
µνρσψ¯νγργ5ζ1σ. These show that w
a
µ(x) and s
µν(x) have general co-
ordinate transformations under the new NLSUSY transformations (102) and (103).
Therefore replacing eaµ(x) in EH Lagrangian of general relativity by the new vier-
bein waµ(x) we obtain the following Lagrangian which is invariant under (102) and
(103):
L = − c
3
16πG
|w|(Ω + Λ), (106)
|w| = detwaµ = det(eaµ + taµ), (107)
where the overall factor is now fixed uniquely to −c
3
16piG
, ea
µ(x) is the vierbein of
EGRT and Λ is a probable cosmological constant. Ω is a (mimic) new unified
scalar curvature analogous to the Ricci scalar curvature R of EGRT. The explicit
expression of Ω is obtained by just replacing ea
µ(x) in Ricci scalar R of EGRT
by wa
µ(x) = eaµ + t
a
µ, which gives the gravitational interaction of ψ
a
α(x). The
lowest order term of κ in the action (106) gives the EH action of general relativity.
And in flat spacetime, i.e. ea
µ(x) → δaµ, the action (106) reduces to VA model
with κ−1 = c
3
16piG
Λ. Therefore our model predicts a non-zero (small) cosmological
constant.
As for the Lorentz invariance we again require that the new vierbein waµ(x) should
have formally a local Lorentz transformation as for SGM with spin 1/2 NG fermion.
Then we find that the following (generalized) local Lorentz transformations
δLψ
a(x) = ǫabψ
b − i
2
ǫbcσ
bcψa, (108)
δLe
a
µ(x) = ǫ
a
be
b
µ − iκεabcd{ψ¯bγcγ5ψe(∂µǫde)− i
4
εc
efgψ¯bγgψd(∂µǫef )} (109)
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induce the desirable transformation. The equation (109) also reduces to the familiar
form of the Lorentz transformations if the global transformations are considered (
for gµν ).
Therefore, as in spin 1/2 SGM case, replacing eaµ(x) in EH Lagrangian of GR
by the new vierbein waµ(x) defined by (98), we obtain the Lagrangian (106) of the
same form as (7), which is invariant under (102), (103), (108) and (109).
The commutators of two new supersymmetry transformations (102) and (103)
on ψa(x) and ea
µ(x) are now calculated as[23]
[δζ1 , δζ2]ψ
a = {2iκ(εµbcdζ¯2bγcγ5ζ1d)− ξρ1ξσ2 eaµ(∂[ρeaσ])}∂µψa, (110)
[δζ1 , δζ2]e
a
µ = {2iκ(ερbcdζ¯2bγcγ5ζ1d)− ξσ1 ξλ2 ecρ(∂[σecλ])}∂[ρeaµ]
−∂µ(ξρ1ξσ2 ∂[ρeaσ]). (111)
These can be rewritten as GL(4R);
[δζ1 , δζ2]ψ
a = Ξµ∂µψ
a, (112)
[δζ1 , δζ2]e
a
µ = Ξ
ρ∂ρe
a
µ + e
a
ρ∂µΞ
ρ, (113)
where Ξµ is now a generalized gauge parameter defined by
Ξµ = 2iκ(εµbcdζ¯2bγcγ5ζ1d)− ξρ1ξσ2 eaµ(∂[ρeaσ]). (114)
Also, the commutator of the local Lorentz transformation on ea
µ(x) of Eq.(109) is
calculated as
[δL1 , δL2 ]e
a
µ = β
a
be
b
µ − iκεabcd{ψ¯bγcγ5ψe(∂µβde)− i
4
εc
efgψ¯bγgψd(∂µβef)} (115)
where βab is the same as SGMwith spin 1/2. The equations (109) and (115) explicitly
reveal a generalized local Lorentz transformation with the parameters ǫab and βab,
which forms a closed algebra.
Therefore our action (106) is invariant at least under
[global new NLSUSY]⊗ [local GL(4,R)]⊗ [local Lorentz]⊗ [global SO(N)], (116)
when it is extended to global SO(N). It is interesting that the spin 3/2 massless
field can couple consistently with graviton besides SUGRA. SGM formalism [17]
can be generalized to the spacetime with extra dimensions for the inclusion of the
non-abelian internal symmetries. It may give a potential new framework for the
simple unification of spacetime and matter.
Finally we just mention the phenomenological implications of our model. As read off
from the above discussions it is easy to introduce (global) SO(N) internal symmeytry
in our model by replacing ψaα(x) → ψiaα(x), (i = 1, 2, . . . , N), which may enable
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us to consider SGM[5] with spin 3/2 superon. However the fundamental internal
symmetry for superons may be rather different from SGM, for the generator of a
new algebra shifts spin by 3/2 and one-superon states correspond to spin 1/2 states
but the adjoint representation is a vector as well. Also it is worthwhile to consider
SGM with extra dimensions. We think that the above result is useful when we
consider the gravitational interaction of the massless field with higher half-integer
spin (> 5/2), though the algebra itself contains the negative norm states[45].
6 Cosmology of New EH-type Action
There remain many unsolved interesting problems, even qualitatively, in the physics
of the universe, e.g. the birth of the universe which is expanding, the origins of the
inflation and the big bang, the tiny value of the cosmological constant, the critical
value(∼ 1) of the energy density, the dark energy, the baryon number genesis, ... etc.
These problems should be understood in terms of the knowledges of the unified local
field theory of particle physics. We discuss briefly and qualitatively the potential of
SGM for these unsolved problems.
We regard that the ultimate entity of nature is high symmetric SGM spacetime
inspired by NLSUSY, where the coset space coordinates ψ of superGL(4,R)
GL(4,R)
turning
to the NG fermion d.o.f. in addition to the ordinaly Minkowski coordinate xa, i.e.
local SL(2C) × local SO(3, 1) d.o.f., are attached at every spacetime point. The
geometry of new spacetime is described by SGM action (7) of vacuum EH-type
and gives the unified description of nature. The fundamental action (7) on new
(SGM) spacetime is unstable against the new global NLSUSY transformation and
induces the self-contained spontaneous (symmetry) breakdown into ordinary observed
Riemann spacetime and the massless superon-quintet matter which expands rapidly,
for the cuvature-energy of SGM spacetime is converted into those of Riemann space-
time and energy-momentum of the superon(matter). This may be regarded as the
gapless phase transition of spacetime from SGM to Riemann. Also this may be
the birth of the present expanding universe, i.e. the big bang and the consequent
rapid expansion (inflation) of spacetime in the quark-lepton SM era. And we think
that the birth of the universe by the spontaneous breakdown of self-contained SGM
spacetime of vacuum action of EH-type (7) may explain qualitatively the observed
critical value(∼ 1) of the energy density of the universe.
Note that SGM action poseses two inequivalent flat spaces, one is SGM-flat(waµ(x)→
δaµ) which allows nontrivial configurations of e
a
µ and t
a
µ and the other is Riemann
flat(eaµ(x) → δaµ), which are crucial for the spontaneous breakdown from SGM to
Riemann sapcetime. As proved for EH action of GR [46], the energy of SGM action
of EH-type is expected to be positive (for positive Λ).
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Remarkably the observed Riemann spacetime of EGRT and matter(superons)
appear simultaneously from (the vacuum ) SGM action by the spontaneous decay of
SGM spacetime, i.e. by the gapless phase transition of spacetime. The catastrophe
problem of the gravitational collapse should be reconsidered in SGM due to the
massless NG mode at the Planck scale, i.e. the phase transition to and subsequently
from the unstable SGM spacetime.
It is interesting if SGM could give new insights into these unsolved problems.
7 Discussions
A new EH-type action( called tentatively SGM from the composite viewpoints ) in
NLSUSY inspired (SGM) spacetime is obtained by the geometrical arguments sim-
ilar to Einstein general relativity theory in Riemann spacetime. Despite the simple
expressions of the unified vierbein defined on N=1 SGM spacetime waµ = e
a
µ+ t
a
µ,
wµa = e
µ
a − tµa + tρatµρ − tρatσρtµσ + tρatσρtκσtµκ, (Note that the second index of t
represents the derivative.) and the consequent metric sµν , · · · , etc, SGM is a non-
trivial generalization of EH action. In fact, as for the bosonic gauge transformation
we can show explicitly that by the redefinitions(variations under GL(4R) with the
field dependent parameters) only on the vierbein, e.g. eaµ → eaµ − taµ and the
consequent variations on eµa it is impossible to gauge away ψ in compatible with
new NLSUSY, for the new NLSUSY induces the square-root of GL(4R) on w ( and
s) and defined on the multiplet ( eaµ, ψ ).
Next we discuss on the confusive local spinor transformation which leaves SGM
action invariant. SGM action (7) is invariant under the following local spinor trans-
lation with a local parameter ǫ(x), δψ = ǫ and δeaµ = −iκ2(ǫ¯γa∂µψ+ ψ¯γa∂µǫ) which
give δwaµ = δw
µ
a = 0. It should be noticed that the local fermionic d.o.f. ψ would
not be transformed (gauged) away. At a glance, the choice δψ = ǫ = −ψ seemingly
gauges away ψ. However, such an effect is canceled precisely by the simultaneous
gauge transformation δeaµ with ǫ = −ψ, i.e. w(e, ψ) = w(e+δe, ψ+δψ) = w(e+t, 0)
as indicated by δw = 0, which reproduces precisely SGM action describing NLSUSY
invariant gravitational interaction of superon. The commutators of these local spinor
transformations on eaµ and ψ vanish identically. Therefore the local spinor transla-
tion mentioned above is a fake (gauge) transformation in a sence that, in contrast
with the local Lorentz transformation invariance in EGRT, it can not eliminate
gauge d.o.f. with spin 1/2, for the unified vierbein w = e+ t is the only gauge field
on SGM spacetime that contains only integer spin. (Note that the puzzling (space-
time origin) local spinor symmetry plays an essential role in the linearization, i.e. in
the superHiggs phenomena[5] as demonstrated in the coupled system of VA action
of NLSUSY and SUGRA of LSUSY equipted with a mass term and a cosmological
constant.) This confusive situation comes from the funny geometrical formulation
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of SGM on unfamiliar SGM spacetime where, besides the Minkowski coordinates
xa, ψ is a Grassmann coordinate (i.e., the another fundamental d.o.f.) defining the
tangential spacetime with SO(3, 1)×SL(2C) d.o.f. inspired by NLSUSY. (Note that
SO(3, 1) is the twice covering group of SL(2C).) And δψ = ǫ(x) is just a coordinate
translation(redefinition) on SGM flat spacetime. These situations can be understood
easily by observing that the unified vierbein gauge field waµ(x) = e
a
µ(x) + t
a
µ(x) is
defined by ωa = dxa+ iκ
4
2
(ψ¯jγadψj − dψ¯jγaψj) ∼ waµdxµ, where ωa is the NLSUSY
invariant differential form of VA and that xa and ψ are coordinates of flat spacetime
inspired by NLSUSY and SGM are encoded as a spacetime symmetry. From these
geometrical viewpoints (in SGM spacetime) we can understand that ψ is a coordi-
nate and would be neither transformed away nor gauge-fixed away and the structure
of SGM (flat) spacetime is preserved. Note that putting ψ = 0 by formal arguments
concerning the local spinor symmetry makes SGM based upon NLSUSY vacuum(VA
flat spacetime action) reduce to EH action based upon different vacuum(Minkowski
flat spacetime), which is another theory based upon another vacuum. SGM (7) is a
nontrivial generalization of EH action and Born-Infeld action[47].
SGM posesses some hidden global symmetries originating from the fact that the
graviton and (the energy-momentum of) the superon contribute equally to the uni-
fied vierbein w[23].
In this talk we have presented an attempt to describe the unity of nature as a
geometry of new spacetime manifold with high symmetry and rich structures, which
is called tentatively SGM spacetime from the viewpoints of the compositeness of
matter. New (SGM) spacetime is the ultimate physical entity described by EH-
type vacuum action (7) and induces spontaneously the phase transition to observed
Riemann spacetime and matter. We have depicted the potential of new EH-type
(SGM) action. The study of the vacuum structure of SGM action in the broken
phase (i.e. SGM action in Riemann spacetime) is important and challenging.
SGM with the extra dimensions to be compactified is open, which may allow the
unification by means of the elementary fields. In this case the mechanism of the
conversion of the spacetime d.o.f. into the dynamical d.o.f. is duplicate, i.e. by the
compactification of Kaluza-Klein type and by the new mechanism adopted in SGM.
SGM with spin 3/2 NG fermion may be in the same scope but remains to be studied.
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